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i ill 51 i n M 



; + + Li 



BMOW- templates 

2.0 15 3-CGACTAGAIAT-O^ 

|Lj 16 y. TTAAGCATGGT -O^" 

T^) 17 3- AGAGAGC AAT T- 

2,"£ 18 y-GAgACATCTAT-NH 2 

2^ 19 3 , > AATGTAGTCC T-»Q </ * V> * 

2^) 20 3-TCGTCTAGAAT-O^ 
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o 



reagents 



m 6 

o 

H 



^NH 2 

M 
H 



COjH 




V' Nv ^^r^O-TATCTAGTCGCGACf-y 21 1 <T 

tm « ° ^ ' 

k -Af N -^^>r^O- CCATGCTTAA CGACTCGGGA^' 22 Z C 

fan » ° 

O O ^>Y N ^^yo- AnGCTCTCT CGACTCGGG^ 23 |,7 

♦An h 0 oh 

^^ N -^^y^O-TAGjM^^^ 24 Z V 

^"^^-^^Q- GGACTACATT CGACTCGGGAATCCAGCCTTTACGG-y 25 2, 9 



1 — *** — ^t^Q-TTCTAGACGACGACTCGGGAATGCAGCCTTTACOGTATCT-5' 26 ^ U 

u oh w «^ -t -y ^ 

pairwise reactions (one S O iV ? £ 8 \sS*3 * U % *4 * 
template, one reagent): *" ^ 



K H U Ci M N 
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one-pot reactions containing one biotinylated template (15, 16, 17, 18, 19, or 20) 
+ five non-biotinylated templates (out of 15-20) + six reagents (21-26) 
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/\,/V-ifp62 >%/V-4p62 2 ) 



PG3 



PG3 



DNMemplated 
deprotectton of 
fourPGIs 
ReactantA(non- 
templated) 



PG3 P63 fourPGIs 

PG1 PG1 4) Reactant B (non- 

A\ I /\^J^PG2 >%/\irltPG2 template*) 



PG3 



PG3 



A A 
/<\ 4 /\ ir -0PG2 ^"Vu/VHpP 62 

A A 
/\ J /\ l HfcPG2 >%/V-0PG2 

PG3 PG3 
B B 
>%/\pr-0PG2 > fl \ u /VH^PG2 

PG3 PG3 

>rf\/V-0PG2 >%/ T V-0PG2 

PG3 PG3 

I repeat with PG2s and 
reactants C and D 



A A 

e e 



^W»C A^WfD T^E G endF 

B B 

E E 
B B 



PG3 
A 

and / fT \ u /Vr-0C 

PG3 



PG3 
B 

PG3 



PG3 
A 

PG3 
B 

> rfl \ u / T VH||D 

PG3 
B 

PG3 
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6 



P 

a 



olefin to 



porphyruvRu 




aldehyde to a,p- 
unsaturated 
ketone 



HO OH 



5) 
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Start Monomer 



o-NBOC 



covalently-intact template DNA strand 

0 'Pro x \°y-c'»»'»G 



dC) n . 
n o 



Starting string of dCs provides 
good initiation and a site for 
PCR priming with oligo-dG 



0' l ?rO'^Y 0 >-c«»'»'G 



Me H0 



. o 

Photocaged primary amine 
prevents premature q ) 

initiation of carbamate N^J2.»<X,o N » , ,';T'"l^r ', fc,,, j, K,w " 

codon 



Every 2 nucleotides 
encodes one dicarbamate 
"monomer"; this provides 



Extend Monomers 



TBS0 >_^ 6 \co< 

JT\o H0\~ \ 

J,, N jN-R-0 




h TBSO 





/ H TBSO. A 



Stop Monomer 



biopolymer 
polymerization 



photodeprotect I 




Ac 



•AllllMlT 

\ 

-(rro-^p-A-T 

MeO 
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dC) 



Start Monomer 



covalently-intact DNA double helix 



■C""""G 



O 



Y 



> -o o 

NH 2 TBSO Q 




Bi""Bi' 



Bi 





B 2 B 2 ' 




biopolymer 
liberation 



A~ 



MeO 
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dC) ^ cpvalently-intect DNA double helix 

9 \ 

^3~ 0 ^|"°^\^" c ' ,,m,, G 

V \ Phosphate 




\s\ ^o. \ elimination may .be 

the resulting 
phenol 




selection 
• or • 

ester cleavage followed 
by PCR amplification, 

DNA mutation, 
or DNA sequencing 

1} 

5 . 3 , A ... "O-IS-O Y")-A-T 

ACN VVAAMAAA C0 2 llimil.ll l i.««ui.niOMe <J 

carbamate encoding DNA 
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template 1 

b ases 9-1 8 />NHADoc 1) EDC. sNHS. pH 5.0 

^wflk xn Vm>fN,N j^ 1-4 ' 2) streptavidin beads, 

3 ^u''% f <IjW then pH 11.8 buffer 

bioln J O H 9 *~ 

o 0 0 o w 

template 

ba ses20-2 9 f^^ 00 1) EDC. sNHS. pH 5.0 
3'^nA#\..^N ^J^JL^NH, 2) streptavidin beads, 

^fW^n r?"^ Y^N^fllr 2 then Nal0 4 buffer 

biot,n OH 0 H W 3) Na 2 PdCU 

HC^V-NH „ S* 802 

° 



ba ses 2*- W ^NHj 1) EDC, sNHS. pH 5.0 

xtwT^tv xn h (=/,.0 2) streptavidin beads. 

3 ^#<lW%/%^ N Y^N A |Sfc then pH 8.0 buffer 

biotin ^-Ay 0 H 



6' NH 0 |l 

macrocyclic 0= ^^ o 7*° 
fumaramide U^sa^NH 
library ' NH 
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HN | 



m 



+Ph NHj 

~* Ph 



OH 



1) EDC, sulfc-NHS ^ 
pH 5.0, >70% yield 

2) capture on streptavW in- 
linked beads 




NalQ 4 . pH 8.5 



a 

O NH 



> NH 



>^ NH 

0 

R, R* 


R, 


cycllzation 
yield 


Gly 


Gty 


Ala 


-90% 


Ala 


Ala 


Ala 


-90% 


Ala 


(D)-AJa 


Ala 


-90% 


Val 


Val 


Val 


-90% 


Vat 


Val 


Leu 


-90% 


Val 


<D)-Val 


Val 


-80% 


Val 


(D)-Val 


Leu 


-80% 


Phe 


Phe 


Ala 


-80% 


Phe 


Phe 


Leu 


-80% 


GABA 


GABA 


p-Ala 


-80% 


Phe 


Phe 


Phe 


-60% 
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P & P i Y" 2 

HjN^CX^ H 2 N'\» 2 H HjN^COaH HjN^CpzH H^N -CO^H 

x, jo 7 fir 

HjN^COaH HjN^COjH HjN^COjH HjN^COjH HjN^COjH 

/** wrNw 

HN^NH2 jj^j 
HjN^COzH H^^CQzH HaN-^CCy/ HjN^COjH ' & 
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Ql™** setof ... 

s'p-agtcxiixxxc 1 

3 • - QOOUOtX CACT-5 • P 




1T4DNAB08SO 
> 85% yield. 
«>p~ -I " : '" r 

I T7 exonudease (cannot 
\ degrade synthetic 5* end) 

step I step 2 steps 
ijup magenf reapwrf ro *SK* 
Ut 1 ™ anneafng anneaSng anneaing 



PCR primer wndfrio 
binding site bllxMng 



PCR primer 
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Ri 



Dase 



?2 H 



6 ( 

Dase 



R3 



f-6 



N 



X, Y = groups for coupling {see Fig. 1) 
HS „ OH 

O c P 

0H Fe 
N & % 




=J aw 



HN N (/ N> HN 



NH SH 
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5--Y random DNA region MU ^ TTh 

( Mlllt ULU UiliillliiU HlMMIlllU 

PnJ*m\ DNA-templated 
monomers XfflfY | polymerization 



HO-3'- 



gimiiiiiiiiiiiiiiiiiimillllllllllllHIIlllllllllt 



(optional: couple R groups to form 
a new synthetic polymer backbone) 

denature 
DNA polymerase 
dNTPs 



„«Hr. toiler *•*»*» DNA template 



synthetic polymer 
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H • H H 

O^ 0 (A, 0 O^) 0 <A,~ 



O NH2 1 NHa O 



HN 



hairpin DNA template 



NaBH 3 CN 
pH 8.5 



aaaaaaj = 5'-AGTCr3' 
matched codon 

H = 5 , -ATGC-3 i 

mismatched codon 



A— 



r 



8 different mismatched 
codons at position 3: 

ATTC.ATGC.ATCC.AGGC, 
AGCC.ACTC.ACGC. or ACCC 



full-length 
product 

truncated . 
products 



template — a- 
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■ =5'-AGTC-3' 

matched codon 

■ sy-ATQC-y 

mismatched codon 

T = template only 
R = reaction 



full-length 
product 



truncated _J 
products I 



template 



r 



40-base templates (10 four-base codons) 




T R T R r R 



(3 
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~NH 2 

template 

i=5'-agtc-3' 

I = one of eight other 
4-base codons 



full-length 
product 

truncated _ 
product 

template 7 T M T 



T = template only 

M = reaction with only gact PNA aldehyde 
C = reaction with gact + PNA aldehyd 

complementary to ■ 
E = reaction with gact + all PNA aldehydes 

gwt except the complement of ■ 

| = ACTC « = ATCC B = ACCC 

-A. 




1 C EfM C E 



fulWength 
product 

truncated 
product 

template 



=jfrgCC ■ = ATGC ■ = ACGC ■ = AGGC 




T M T M C E T M CETMCE TMCE 




I 



o 

s 

tit 



(A 

i 



T3 ^ 

r 
*1 
|1 

C — 1 
CQ — 

.. -a 

28 



U 
(/> 

Q_ 

c 

o 
> 

LU 



< Ed co 




U 

u 

Ql 



5 

(0 

fl 
<u 

E 

o 

c 

-a 

jo 
cn 
c 



-O 

c 
o 



V) 



u 

i_ 

(/> 

X 
0) 

O- 

E 
o 
u 

Q 



03 

Ef- 
o w « 

.E B ~ 
jaJ J5 o 
^ c 



CL 

E 



a V) 
(0 w 

IU t u 

u 

Q-Z 



5 

o 

X 







(0 

<u 

CL 




c 
o 

(D 
N 



C 

o 



ii 

o t 
c 



V) 



C 



u 

3 
X) 

o 



o 

CL 

o 



ID 

5 



C 



c 

o _ 
43 <U 



If | 

o .2 w 

to ro ^ 
15 °- Q 



E 



> 1 
8£ 



03 



€-2 := 



c 

<u 

5 

4— > 

-Q 



C 33 



c 



E 
cr 



l_ w c 

o — o 

<- U — 

0 c 3 

-fi 5 

(/) E u 

1 i 



1 



I 



■S -2 



8 
"o 

> .2 



i2 © 

i i 2c 



IS 
28 



CO 

u 

V) 

cn 
c 

j> 

o 
> 

LU 



on 



-O 
XI 

L. 

or 
o 

c 
o 

CD 
N 

0) 

E 
o 



no 

N 
<D 

E 
o 

CL 

c 



V) 



'</> 

x: 
13 



03 
CL 



S E 



o 
u 



<U ? <£> 



a. 2 ,52 
?.5q. 
cn"0 z 



o 



.E g 



o 





(A 
I 

Z 
X 



u 

cn 
X 
CO 
(0 



CM 




o 

X 




< 



fM 



5>° 



LU U_ 
O CO 

U X 
X z 




X 

if) 

I 

< 








o 

c: 
o 

E 



eft 





^9 



I 






Urn 

M 

3 

o 

I, 



1 



i 3 

ID 



155 



< < u i 



=< 



rs 
X 

z: 



IN 

X 



X 

9 

LU ^ 

gin 

fO 




0) 
V) 

o 

* f 

m g 

0) 
I 

II 



2 
X 



o 



o 
u 

fM 



2: 



sP 

in 
m 




CO 



T3 



u 
u 

(/) 

o 

O 



Q co 



O 



o 




c 



cr 



U 
X 

fM 
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R' = Z'-deoxyribose-S'-triphosphate 




NH 2 




41 



42 




-2 _1 



I 

M 

3 

8 
'o 
S 

hi § 
"5 > 

h a 



§ 



m 

ox j 

2 00 s & 

Q> «J M <4_f 

* gS o 

< 8 2 

£^ q. 8 

*s 5 M ^ 

< < Ed v5 



I 

<D 

£ «' 

if -m 
>x: 

2 w 

0) o 

J ex 

rsi t: 



a: in 



rM ^ — y 



i 

in 



o * 



00 
I 

o 

fM 



X 



Y 



CO 



x 

O x 

QJ O 

E a> ~ 

O ro 
U O 

Z Q. 

-2 CO 

II 

fM 

X 

u 



CL 



Ql 



A- JC 

a. £ 
c 

^ iJj c 

r\i r> x 
^ o 
<u 
c 
ft) 

X 

o 



5>~ 



«5 to 

x Q 

I S 

^ II u 

U I?X * 

II II II m 

01* Ol* q£ 



CO 

x: 

X 

O 

■M 

LU 
v. 
<U 

O £ 
-FO E 
x J? ro 

uu 



c 



Z iSS <g 

xx ft 

2 2 Z 

ii u f 

* * * 

w w w 

(D JD U TJ Ql u_ 



to 



(5 

CO 



O 



H 



o 

-Q 
'i_ 

>> 

X 

o 

I 

II L 
0£ 



/ 

12 





y 


> 
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II 
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Accepted as triphosphates and as templates during PGR by Tag DNA polymerase: 



Rt-H o o 0 \ N o sh 9 

v -^ro -to 



Nucleotides not successfully incorporated by Taq DNA polymerase: 




R 



R 



o 



O 



RrXFa 
31 





33 




34 
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1 =i 10 bp ladder 

2 = error-prone PfcR-generated 

library containing , 
o o * 

0 £ instead of T 

3 = lane 2 following purification 

of the desired strand 
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20 or 40 random bases 



5 ' -ACGTAGOGGCGTCGCNNl 



synthetic template Sbrary 



* = metal-binding 
nucleotide 



DNA polymerase 
dCTP. dGTP 
dA*TP ordATP 
dUTPor dTTP 



5 • -biotin-TACXrrAGCGGOGTCGC-3 » f^ECl If) tyO . V*) 



JQGCAGTAGCTOGGOT- 



3 » -ATGCATCGCCGCAGCGK 
biotin-TJ 

remove undesired strand 
with avidin magnetic beads 
and denaturant 

3 • - ATGCATCGCCGCAGCGNNNNNNNNNNNNNNNNN^ N**2 - 5 ' 

library ready for selection 
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rt 



- I H 



O Ph H 



_ 

DNA-linked target predicted enrichment sensitivity 

molecute protein activity factor (mop 

1 ^ = 10^ 2,500 to- 

3 aS^at *d = 0.9nM 330 10» 

4 streptavkfin K^ = 40fM 4,400 10' 18 

5 papain 10^= 14^M 64 10* 1fl 

5 chymotrypsin ICso = 290 nM 76 10" 18 

6 papain IC^ - 270 nM 98 10" 18 
6 trypsin /^ = 100nM 125 10* 17 



i 

i 
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glutalhione A N-^ n \ u p^ T \ u / 3 ' (I) 

r Hind HI 



fMet-Leu-Phe X N--> r \/ n \ u / 3 



(2) 



D 

2) Incubate with 
GST-Snked 

3) wash 



4) PCR amplify 

5) digest with Hind III 



sec number of starting molecules of (1) and (2) 

f| 10* (1) 10* (1) 10* (1) 10* (1) l^d) 
*f 10«(2) 10 7 (2) 10 8 (2) 10 9 (2) 10 10 (2) 




1 1 1 1 ' I ! I ! I 

factor 200 2.500 7J500 10,000 > 10,000 



DNA encoding (2) 
DNA encoding (1) 



- before s 

- after selection 



To 
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P. 



i-K*? ° Hint III 
b 



select (or 



H2N *q anhydrase 
SJP (3):(4)= 1:1,000,000 



select for select for 

carbonic carbonic 

0):(4)=«:3 (3):(4) = 5:1 

(330,000-fold net (5,000.000-fold 



(round 2) enrichment) (round 3) net enrichment) 



T)9 DSC "O O C TOCt 

- * =B .o -00 = 2 < 



\i 111 111 111 



— DNA encoding (4) 
DNA encoding (3) 
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^NHH ° 



O u S 0 u u s *"* 1 

H \ V-Ar^r M-n^V (5) 



O h h O ft* II 




!( 


£ 


1 with 
& Pvu 


si 


si 








a> 

§1 






(4) 









ICso for IC50 for 
chymotrypsin 10c papain 1 ^ 



uncut 
-DNA 

-digested 
DNA 



ratio after ratio after papain 
initial papain affinity specificity 
ratio selection selection 



(4) >50O ;<M 

(5) 0.29 

(6) >500j#M 



>500 fjM 

14 pM 
0.27 /iM 



24 
4 
I 



I 

12 
12 



I 

>I0 



^2 
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9 E h h 



q 

H 2N % 



3 jf^Y O) 



o 

Met-Leu-Ph8 A N >rf V^V (2) 
(3):(2) = 1:1,000 



select for 
carbonic 
anhydrase 
binding 

(round 2) 



(3):(2)*10:1 
(2 10.000-fold net 
enrichment) 



select for 
carbonic 
anhydrase 
binding 

(round 1) 



1! 
ii 

= 2 



(3):(2) = 1:3 

(330-fold 
enrichment) 



ill SI? 

"per 5 poc o 




• (2) DNA 

• (3) DNA 
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Al Bl 



Al B2 



A3 Bl 



V© 

IN <— ' 



At 




1 ) combine wftft cr 

2) sslecJ wnh svidirv 
linked teads 

3i PCS survivors 
^fram poo; A 



oooi A 

product 



j primers 



/ i 



double digest wnfc /Wse l 
fcteaves A2) ana Tsc^5 i 
leaves B2) 



31 



5; cornp/emertf 
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1) combine with or 
without Cu* 

2) select with avtdin- 
linked beads 

3) PCR amplify survivors 

4) double digest with 
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